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SYSTEM AND METHOD FOR DISTRIBUTED 
CHANNELIZED GROUP FORMATION IN A 
MOBILE WIRELESS COMMUNICATION 

NETWORK 

FIELD OF THE INVENTION 

The present invention relates generally to communication 
networks and in particular, to a system and method for form 
ing channeliZed groups of nodes in a mobile wireless com 
munication network. 

BACKGROUND OF THE INVENTION 

Wireless communication networks may be used for numer 
ous applications including tactical military and commercial 
applications. Tactical military and commercial applications 
require self-organizing, wireless networks that can operate in 
dynamic environments and provide peer-to-peer, multi-hop, 
multi-media communications. A structured wireless channel 
access scheme such as Time Division Multiple Access 
(TDMA) may be used in an ad hoc wireless network. TDMA 
is a channel access technique in which a frequency channel is 
divided into time slots and each time slot is assigned to a user. 
Accordingly, multiple transmissions may be supported on a 
single frequency channel. 

Wireless ad hoc networks form topologies ranging from 
very sparse to fully connected graphs. Multiple channels may 
be used to allow simultaneous communication of neighboring 
nodes, for example, in a network with a dense topology. A 
multi-channel (or multi-frequency) TDMA access scheme 
such as Orthogonal Domain Multiple Access (ODMA) may 
be utiliZed to support multiple channels. Multi-channel time 
division multiple access is the subject ofU.S. Pat. Nos. 5,949, 
760; 6,317,436; 6,331,973; 6,487,186; 6,504,829; 6,515,973; 
6,574,199; 6,574,206; 6,600,754; 6,628,636 and 6,711,177, 
the disclosures of which are herein incorporated by reference. 

In a multi-channel network, subsets of nodes in the net 
work may be grouped on a particular frequency or channel 
(i.e., nodes are formed into a channeliZed group or neighbor 
hood). A channeliZed group of nodes may be formed for each 
channel of the multi-channel network. Typically, each node 
belongs to only one channeliZed group at a time, but a node 
may operate on two or more channeliZed groups to allow 
inter-channel communications. As the topology of a network 
changes (i.e., mobile nodes move positions), however, it is 
possible that there may be interference or contention in a 
channeliZed group on the associated channel. 

Accordingly, there is a need for a system and method for 
forming channeliZed groups of nodes in order to avoid con 
tention on any single channel of a multi-channel communi 
cation network. There is also a need for a system and method 
to determine if there is contention on a particular channel and 
to determine when a node should change its channel (i.e., 
switch to a different channeliZed group) to avoid contention. 

It would be desirable to provide a system and/or method 
that provides one or more of these or other advantageous 
features. Other features and advantages will be made appar 
ent from the present speci?cation. The teachings disclosed 
extend to those embodiments which fall within the scope of 
the appended claims, regardless of whether they accomplish 
one or more of the aforementioned needs. 

SUMMARY OF THE INVENTION 

In accordance with one embodiment, a method for forming 
channeliZed groups in a wireless communication network 
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2 
having a plurality of nodes includes determining for at least 
one node assigned to a ?rst channel that is associated with a 
channeliZed group having a ?rst set of nodes whether there is 
contention between the at least one node and the ?rst set of 
nodes and switching the at least one node from the ?rst 
channel to a second channel based on the contention deter 
mination 

In accordance with another embodiment, a node for a wire 
less communication network, the node assigned to a ?rst 
channel associated with a channeliZed group having a ?rst set 
of nodes, includes an antenna, a transceiver coupled to the 
antenna and con?gured to transmit and receive messages, and 
a control circuit coupled to the transceiver and con?gured to 
determine whether there is contention with the ?rst set of 
nodes and to switch operation from the ?rst channel to a 
second channel based on the contention determination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more readily understood by reference 
to the following description taken with the accompanying 
drawings, in which: 

FIG. 1 is a diagram of a wireless communication network 
having a plurality of nodes in accordance with an embodi 
ment. 

FIG. 2 is a schematic block diagram of a node for a wireless 
communication network in accordance with an embodiment. 

FIG. 3 is an exemplary multi-channel TDMA structure in 
accordance with an embodiment. 

FIG. 4 illustrates a method for forming channeliZed groups 
of nodes in a wireless communication network in accordance 
with an embodiment. 

FIG. 5 illustrates a method for determining an appropriate 
channel for a node in a wireless communication network in 
accordance with an embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a diagram of a wireless communication network 
100 including a plurality of nodes in accordance with an 
embodiment. In an exemplary embodiment, wireless commu 
nication network 100 may be, for example, a Joint Tactical 
Radio System (JTRS). Wireless communication network 100 
includes channeliZed neighborhoods or groups 102, 104, 106 
that separate the nodes of network 1 00 onto different channels 
(or frequencies) for communication and allow for spatial 
frequency reuse within network 100. ChanneliZed group 102 
consists of nodes 1, 2, 4 and 5 that are each assigned to a ?rst 
channel. ChanneliZed group 104 consists of nodes 6, 7, 8 and 
13 that are each assigned to a second channel. ChanneliZed 
group 106 consists ofnodes 9, 11, 12 and 14 that are assigned 
to a third channel. Typically, nodes that exchange large 
amounts of tra?ic with one another are assigned to the same 
channel. A transmission from one node is broadcast to all 
nodes in its neighborhood on the associated channel, for 
example, those nodes within the line of sight or one-hop of the 
transmitting node. Typically, for the transmitted data to 
propagate multiple hops, the data must be relayed by one or 
more of these neighbors to the nodes that are two hops away 
from the original transmitting node. Nodes within each chan 
neliZed group may also communicate with nodes outside their 
particular channeliZed group, i.e., inter-channel communica 
tion (for example, node 4 may communicate with node 7 on 
the second channel). 

The formation of channeliZed groups in a multi-channel 
network may be based on the network topology, i.e., whether 
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the network is sparsely connected or densely connected or 
formed. If the network is sparsely connected, in an embodi 
ment, the nodes will group themselves on a common default 
channel. This may improve communications e?iciency 
because it will eliminate the need for inter-channel commu 
nications. Each node will try to associate itself with a default 
channeliZed group unless the node has been explicitly set to 
different channel in a communications plane (COMPLAN) or 
there are other reasons to migrate to a different channel as 
discussed further below. In a fully connected or densely 
formed network, the node will group themselves in a distrib 
uted fashion across all channels possible. In a preferred 
embodiment, the nodes are evenly divided among the chan 
neliZed groups when a network is fully connected or densely 
formed. For example, if there are 140 nodes and ?ve channels, 
there would be 28 nodes per channel (or channeliZed group). 

FIG. 2 is a schematic block diagram of a node for a wireless 
communication network in accordance with an embodiment. 
In an exemplary embodiment, node 200 is a mobile node, e.g., 
a radio in a military vehicle. Node 200 includes an antenna 
204, a transceiver 206, a control circuit 208 and a memory 
210. Transceiver 206 is coupled to antenna 204 and control 
circuit 208. Transceiver 206 includes transmit and receive 
circuitry and is con?gured to transmit and receive signals via 
antenna 204. Node 200 is con?gured to communicate with 
(e. g., receive signals from and transmit signals to) other nodes 
in a communication network. Control circuit 208 is coupled 
to transceiver 206 and memory 210. Control circuit 208 may 
include various types of control circuitry, digital and/ or ana 
log, and may include a microprocessor, microcontroller, 
application speci?c integrated circuit (ASIC), or other digital 
and/ or analog circuitry con?gured to perform various input/ 
output, control, analysis, and other functions described 
herein. Memory 210 includes volatile and/or no-volatile 
memory to, for example, store a computer program or soft 
ware to perform the functions described herein. Control cir 
cuit 208 may execute sequences of instructions contained in 
memory 210. In an exemplary embodiment, node 200 is 
con?gured to communicate in an ad hoc manner using a 
structured wireless channel access scheme such as TDMA 
and in particular, a multi-channel TDMA format such as 
ODMA. Accordingly, control circuit 208 is con?gured to 
implement an access protocol (e. g., ODMA) in order to trans 
mit messages to and receive messages from other nodes via 
transceiver 206 and antenna 204. 

FIG. 3 is an exemplary diagram of a multi-channel TDMA 
structure in accordance with an embodiment. Multi-channel 
TDMA structure 300 includes a plurality of frames 302 that 
are associated with a plurality of non-overlapping radio fre 
quency channels 304, 316. As mentioned above with respect 
to FIG. 1, nodes in network 100 are divided and grouped onto 
different default channels, i.e., into channeliZed groups or 
neighborhoods. Each frame 302 includes time slots during 
which a node may transmit or receive information. For 
example, each frame may include synch slots 306, global 
bootstrap slots 308, channeliZed bootstrap slots 312 and user 
tra?ic slots 314. Global bootstrap slots 308 may be used to 
carry slot assignment information and provide a means by 
which each node may discover their neighbors, either belong 
ing to the same channel or a different channel. A global 
bootstrap slot 308 may include at least the following infor 
mation: l) the transmitting node’s identi?cation, 2) the trans 
mitting node’s status and 3) slot assignment information nec 
essary to reserve user tra?ic slots. ChanneliZed bootstrap slot 
312 may be used to communicate slot assignment informa 
tion for user tra?ic slots of a particular channel as well as 
channeliZed bootstrap slot assignment information. User traf 
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4 
?c slots 314 may be broadcast or unicast slots. Broadcast slots 
may be used for multicast transmission (e. g., data messages) 
to other nodes on the same channel. Unicast slots may be used 
for inter-channel communication. User traf?c slots 314 may 
be reserved via either global bootstrap slots 308 or channel 
iZed bootstrap slots 312. 

Returning to FIG. 2, control circuit 208 of node 200 is 
con?gured to determine when there will be channel conten 
tion and when to switch channels (e.g., when to switch to a 
different channeliZed group). Each node 200 in a network 
may be initially provided with a parameter, for example, in a 
communication plan (COMPLAN), that identi?es a channel 
for the node to use initially. A node, however, may determine 
it should change its channeliZed group membership (e. g., 
migrate to a different channel) based on contention on the 
current channel, changes in network topology or other fac 
tors. Preferably, each node 200 in a network is con?gured to 
determine which channel is appropriate for optimal perfor 
mance initially at power up and during operation. Accord 
ingly, each node may independently make decisions regard 
ing the appropriate channel on which to operate (i.e., 
determine the appropriate channeliZed group). 

FIG. 4 illustrates a method for forming channeliZed groups 
of nodes in a wireless communication network in accordance 
with an embodiment. Upon power up of a node at block 402, 
the node gathers information about the surrounding topology 
of the network. At block 404, the node learns its l-hop and 
2-hop neighbors. For example, a node may listen to its global 
bootstrap slots in an ODMA frame to determine its l-hop and 
2-hop neighbors. A identi?er of a node’s l-hop and 2-hop 
neighbors may be stored in memory 210 (shown in FIG. 2). At 
block 406, the node broadcasts the identity of its l-hop and 
2-hop neighbors to its l-hop neighbors. For example, the 
l-hop and 2-hop neighbors may be broadcast in bootstrap 
slots for other nodes to hear. The node may also transmit 
information identifying the channel it is currently operating 
on in the bootstrap slots. 
At block 408, the node determines the appropriate channel 

on which it should operate. The appropriate channel may be 
determined based on whether there will be channel conten 
tion on the channel on which the node is currently operating. 
In one embodiment, each channel group (and its associated 
channel) has a maximum number of channeliZed group slots 
(e.g., a maximum slot limit) provided in the Multiple Access 
(MAC) Layer for transmission of information (e. g., data mes 
sages). In other words, there is a maximum number of broad 
cast slots on a speci?c channel. The maximum slot limit may 
be provided, for example, by user inputs such as via a COM 
PLAN. The maximum slot limit value (e.g., channel A may 
have a maximum slot limit of 10) may be stored in the 
memory of each node. Channel contention may occur where 
there are more nodes within l-hop and/or 2-hops of the node 
than there are slots for transmission. For example, two nodes 
in a channeliZed group interfere with each other if both radios 
use the same time slot and are l-hop or 2-hops away from 
each other. Accordingly, each node 200 (shown in FIG. 2) in 
the network is con?gured to determine when there will be 
channel contention based on a channel’s maximum number 
of slots for transmission. 

FIG. 5 illustrates a method for determining an appropriate 
channel for a node in accordance with an embodiment. First, 
it is determined whether the node has too many l-hop neigh 
bor nodes operating on the same channel (i.e., more l-hop 
neighbors than the maximum number of slots available for 
transmission). At block 504, the number of l-hop neighbors 
for the node is determined, for example, as mentioned above, 
the node may listen on bootstrap slots to identify its l-hop 
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neighbors. The number of 1 -hop neighbors is compared to the 
maximum number of slots for the channel on Which the node 
is currently operating. If the number of 1-hop neighbors plus 
one is greater than the maximum number of slots at block 506, 
the node, in one embodiment, Will then cover a number of 
nodes (e.g., a number of 1-hop neighbor nodes) at block 508 
and migrate (i.e., sWitch or change) to a different channel at 
block 510. In one embodiment, the node may cover the num 
ber of 1 -hop neighbors equivalent to the maximum number of 
slots minus one. For example, if the maximum number of 
slots for the channel is ?ve, the node Will cover four 1-hop 
neighbors. The node and the covered nodes Will then sWitch 
or migrate to a different channel forming a neW channeliZed 
group or joining a channeliZed group. Preferably, the node 
transmits a list of nodes that it covers and the channel group to 
operate. The covered list alloWs a single node to identify a 
group of nodes that should group themselves together on the 
same channel. When a node hears that it has been covered, the 
node should transmit this information and its channel group 
information in bootstrap slots to inform neighboring nodes 
that it is no longer available to be covered. According, in a 
preferred embodiment, a node Will cover 1-hop and 2-hop 
neighboring nodes that have not been covered. In an altema 
tive embodiment, the node may migrate by itself to a different 
channeliZed group (that is capable of supporting the node) 
Without covering any other nodes. 

In one embodiment, a node Will sWitch to a channeliZed 
group that is adjacent to the node’s current channeliZed 
group. If a node is a gateWay node betWeen tWo or more 
adjacent channeliZed groups, the node may maintain a list of 
adjacent channeliZed groups in, for example, a memory. In 
addition, a node should only attempt to join an adjacent 
channeliZed group that is able to support the addition, i.e., 
When a channeliZed group reaches its maximum slot limit 
Within a 2-hop neighborhood, it Will reject further requests to 
join from nodes not currently a member of the channeliZed 
group. Only When one or more members of the channeliZed 
group leaves, making room for other nodes, Will additions be 
made to the channeliZed group up to the maximum slot limit. 
If the number of 1-hop neighbors is not greater than the 
maximum number of slots at block 506, it is determined 
Whether there is possible contention in loops or paths of 
connectivity via the 1 -hop and 2-hop neighbors for the node at 
block 512. For example, the different possible loops incident 
on the node may be identi?ed to ensure that there are not more 
nodes than the maximum number of slots in any of the loops 
that share at least half their edges With one another. In one 
embodiment, all the unique vertices of the overlapping loops 
With connectivity With the node are summed and indicate the 
number of slots necessary to alloW contention-free commu 
nications. If the number of unique vertices is greater than the 
maximum number of slots, then there is possible contention at 
block 514 and the node Will cover a number of nodes (e.g., 
1-hop neighbor nodes) at block 516 and migrate to a different 
channel at block 518. In one embodiment, the node may cover 
at mo st the same number of nodes as the maximum number of 
slots. For example, if the maximum number of slots per 
channel is ?ve, the node Will cover up to ?ve nodes and move 
to a different channel. In an alternative embodiment, the node 
does not cover any other nodes and migrates by itself to a 
different channel. If, at block 514, there is no possible con 
tention, the node stays on the current channel, i.e., in the same 
channeliZed group at block 520. 

Returning to FIG. 4, if it is determined that the node should 
sWitch channels at block 410, the node Will cover a number of 
nodes and sWitch channels at block 412. As mentioned, in an 
alternative embodiment, the node does not cover any other 
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6 
nodes and migrates by itself to a different channel. The pro 
cess then proceeds to block 414. If the node remains on the 
same channel at block 410, the process proceeds to block 414. 
Once the appropriate initial channeliZed group for the node is 
determined, as described above, the node continues to moni 
tor the topology and contention of the channeliZed group and 
the netWork at block 414. As the topology of the netWork 
changes (e.g., due to movement of the mobile nodes), the 
node may determine it should change its channeliZed group 
membership. Accordingly, each node 200 (shoWn in FIG. 2) 
is con?gured to adapt to the dynamic topology of the ad hoc 
netWork and ensure that channeliZed groups are allocated 
properly to avoid slot contention on any single channel. 

If there is possible contention, the node may sWitch chan 
nels at block 41 6. Contention may be determined based on the 
number of 1-hop neighbors and the topology of loops of 
connectivity incident on the node as described above. In 
addition, the determination of Whether a node should sWitch 
may be based on a number of additional factors or character 
istics. The number of 1-hop neighbors in the node’s current 
channeliZed group may be compared to the number of 1-hop 
neighbors in a neighboring (or adjacent) channeliZed group. 
If the number of 1-hop neighbor nodes in the neighboring 
channeliZed group is greater then the number of 1 -hop nodes 
in the current channeliZed group, the node may consider 
sWitching channels. In addition, historical data, such as traf?c 
patterns and tra?ic ?oWs, may be used to determine future 
traf?c ?oWs. For example, if a group of nodes communicates 
extensively and these nodes come close together, they may be 
placed Within the same channeliZed group to reduce latency. 
In another example, tWo nodes on different channels may 
have an extensive history of communication betWeen them 
selves. As the tWo nodes move close to one another, one of the 
nodes may sWitch to the same channel as the other node so 
they share a common channel for potential future communi 
cations. 
The historical data may be stored in a memory 210 (shoWn 

in FIG. 2) of the node. In one embodiment, each node main 
tains an N><N matrix that identi?es a crude communication 
history betWeen nodes, Where N represents the number of 
nodes in the netWork. As packets of data are communicated 
betWeen a source and destination pair, the corresponding 
value in the matrix is incremented to represent the data How. 
In one embodiment, the matrix at each node may be periodi 
cally sorted to generate a list of destination nodes ordered 
based on the amount of tra?ic sent to the destination node. 

Other factors and characteristics may also be considered in 
the determination of Whether to sWitch channels, such as, 
factors that could cause instability in the netWork if the node 
does sWitch to a different channeliZed group. For example, if 
the node is a Bridge node betWeen tWo adjacent channel 
groups, a change to a different channeliZed group may not be 
desirable as these nodes are strategically located Within their 
channeliZed group to provide e?icient communications 
Within and betWeen channeliZed groups. In another example, 
if contention Within a channeliZed group occurs (e.g., there 
are more nodes than slots) then nodes that do not have any 
communications in progress may be forced to migrate to a 
different channel group before nodes that do have communi 
cations in progress. 
At block 416, if it is determined that the node should sWitch 

channels, the node covers a number of nodes (e.g., 1-hop 
neighbor nodes) and sWitches channels at block 418. The 
process then returns to block 414 Where the node continues to 
monitor the netWork topology and contention to determine if 
the node should migrate to a different channel. If, at block 
416, it is determined that a node should not sWitch channels, 
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the node remains on the current channel (i.e., in the same 
channeliZed group) at block 420 and continues to monitor the 
netWork topology and contention to determine if the node 
should migrate to a different channel at block 414. 

While the detailed draWings, speci?c examples and par 
ticular formulations given describe preferred and exemplary 
embodiments, they serve the purpose of illustration only. The 
inventions disclosed are not limited to the speci?c forms 
shoWn. For example, the methods may be performed in any of 
a variety of sequence of steps. The hardWare and softWare 
con?gurations shoWn and described may differ depending on 
the chosen performance characteristics and physical charac 
teristics of the computing devices. For example, the type of 
computing device, communications bus, or processor used 
may differ. The systems and methods depicted and described 
are not limited to the precise details and conditions disclosed. 
Furthermore, other substitutions, modi?cations, changes, and 
omissions may be made in the design, operating conditions, 
and arrangement of the exemplary embodiments Without 
departing from the scope of the invention as expressed in the 
appended claims. 
What is claimed is: 
1. A method for forming channeliZed groups in a Wireless 

communication netWork having a plurality of nodes, the 
method comprising: determining for at least one node 
assigned to a ?rst channel that is associated With a channel 
iZed group having a ?rst set of nodes Whether there is con 
tention betWeen the at least one node and the ?rst set of nodes; 
and sWitching the at least one node from the ?rst channel to a 
second channel based on the contention determination; 
Wherein determining Whether there is contention further com 
prises determining contention Within loops of connectivity 
for the at least one node by summing unique vertices of 
overlapping loops With the at least one node and comparing 
the number of unique vertices to a maximum number of 
transmission slots for the ?rst channel, and Wherein determin 
ing contention comprises determining if a number of one-hop 
neighbors of the at least one node is greater than the maxi 
mum number of transmission slots for the ?rst channel. 

2. A method according to claim 1, Wherein the loops 
include 1 hop and 2 hop neighbors. 

3. A method according to claim 1, further comprising cov 
ering a second set of nodes and sWitching the second set of 
nodes from the ?rst channel to the second channel. 

4. A method according to claim 1, further comprising: 
monitoring a topology of the network; and 
sWitching the at least one node from the ?rst channel to a 

second channel based on the topology of the netWork. 
5. A method according to claim 4, Wherein monitoring the 

topology of the netWork includes monitoring data regarding 
communications betWeen the at least one node and the plu 
rality of nodes in the netWork. 

6. A method according to claim 4, further comprising cov 
ering a second set of nodes and sWitching the second set of 
nodes from the ?rst channel to the second channel. 

7. A node for a Wireless communication netWork, the node 
assigned to a ?rst channel associated With a channeliZed 
group having a ?rst set of nodes, the node comprising: an 
antenna; a transceiver coupled to the antenna and con?gured 
to transmit and receive messages; and a control circuit 
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8 
coupled to the transceiver and con?gured to determine 
Whether there is contention With the ?rst set of nodes and to 
sWitch operation from the ?rst channel to a second channel 
based on the contention determination; Wherein determining 
Whether there is contention further comprises determining 
contention Within loops of connectivity for the node by sum 
ming unique vertices of overlapping loops With the node and 
comparing the number of unique vertices to a maximum 
number of transmission slots for the ?rst channel, and 
Wherein determining contention comprises determining if a 
number of one-hop neighbors of the at least one node is 
greater than the maximum number of transmission slots for 
the ?rst channel. 

8. A node according to claim 7, Wherein the loops include 
1 hop and 2 hop neighbors. 

9. A node according to claim 7, Wherein the control circuit 
is further con?gured to cover a second set of nodes and sWitch 
operation of the second set of nodes from the ?rst channel to 
the second channel. 

1 0. A node according to claim 7, Wherein the control circuit 
is further con?gured to monitor a topology of the netWork and 
to sWitch operation from the ?rst channel to a second channel 
based on the topology of the netWork. 

11. A node according to claim 10, Wherein monitoring the 
topology of the netWork includes monitoring data regarding 
communications betWeen the at least one node and the plu 
rality of nodes in the netWork. 

12. A node according to claim 10, the control circuit is 
further con?gured to cover a second set of nodes and sWitch 
operation of the second set of nodes from the ?rst channel to 
the second channel. 

13. A method according to claim 1, Wherein a sum of the 
unique vertices are compared to a maximum number of slots. 

14. A method according to claim 13, Wherein the sum is of 
all the unique vertices of overlapping loops. 

15. A method according to claim 14, Wherein the node is 
part of a self-organizing military Wireless netWork. 

16. The node according to claim 15, Wherein the node is 
part of a self-organizing military Wireless netWork. 

17. A radio for a joint tactical radio system, the radio being 
assigned to a ?rst channel associated With a channeliZed 
group having a ?rst set of radio nodes, the radio comprising: 
an antenna; a transceiver coupled to the antenna and con?g 
ured to transmit and receive messages; and a control circuit 
coupled to the transceiver and con?gured to determine 
Whether there is contention With the ?rst set of nodes and to 
sWitch operation from the ?rst channel to a second channel 
based on the contention determination; Wherein determining 
Whether there is contention further comprises determining 
contention Within loops of connectivity for the radio by sum 
ming unique vertices of overlapping loops With the radio and 
comparing the number of unique vertices to a maximum 
number of transmission slots for the ?rst channel, and 
Wherein determining contention comprises determining if a 
number of one-hop neighbors of the at least one node is 
greater than the maximum number of transmission slots for 
the ?rst channel. 

18. A radio according to claim 17, Wherein the loops 
include 1 hop and 2 hop neighbors. 

* * * * * 


